abstract OBJECTIVE: Recommended preventive care following an asthma admission includes prescribing controller medications and encouraging outpatient follow-up. We sought to determine (1) the proportion of patients who receive controller medications or attend follow-up after asthma admission and (2) what factors predict these outcomes.
Introduction
Asthma is the most prevalent chronic condition affecting children. 1, 2 The prevalence of asthma continues to increase. 1, 3 In addition, morbidity and mortality associated with asthma continues to increase, including the number of hospitalizations, missed school days, and missed parental work days. 1, 4 Asthma is one of the most common reasons for hospital admission among children. 1, 5 Appropriate use of controller medications can reduce asthma exacerbations, acute care visits for asthma, and hospitalizations. Despite this, current evidence suggests that pediatric asthma patients underutilize preventive care in the ambulatory setting, including controller medications. [9] [10] [11] [12] Asthma patients who are admitted to the hospital for acute exacerbations are at higher risk for future exacerbations 13, 14 ; therefore, it is paramount that these patients receive appropriate preventive care. Consequently, physicians who care for children with asthma in the hospital setting have a unique and critically important opportunity to provide preventive care in the acute care setting.
The National Heart, Lung, and Blood Institute (NHLBI) guidelines for the treatment of asthma published in 2007 recommend the use of long-term controller medications for all those with persistent asthma. 15 This is consistent with the 1997 NHLBI asthma guidelines which state that "persistent asthma is most effectively controlled with daily anti-infl ammatory therapy". 16 The guidelines also recommend that the initiation of controller medication therapy be considered after any asthma admission. 15 Even stronger, the Global Initiative for Asthma (GINA) 2008 guidelines recommend initiation or continuation of controller medications for all patients before discharge from the acute care setting. 17 In addition to initiating or continuing controller medications at hospital discharge, recommended preventive care before discharge from an asthma hospitalization includes arranging close outpatient follow-up. 15 Despite these recommendations, controller medications, particularly inhaled corticosteroids (ICS) continue to be underutilized among pediatric asthma patients across all levels of health care utilization. 4, 9, [18] [19] [20] Surprisingly few studies have looked specifi cally at ICS prescribing practices at hospital discharge. Lantner et al 21 studied a population of adult and pediatric asthma patients admitted in the Chicago area and found that only 41% of pediatric patients were discharged with a prescription for an ICS, and patients with Medicaid were less likely to be discharged with a prescription for an ICS. We have shown previously that among pediatric asthma patients admitted to a single institution, 73% were prescribed an ICS at hospital discharge. 9 Controller medication use has been shown to be lower among African American children with asthma. 22 African American children are hospitalized for asthma at a rate that is 3.5 times greater than that of white children, and their mortality rate from asthma is four times that of white children. 23 In addition, minority race/ ethnicity patients are more likely to be readmitted within 180 days of an asthma hospitalization, 24 making the appropriate use of controller medications and establishing longitudinal outpatient care critical for this patient population. To our knowledge, no prior study has investigated racial disparities in controller medication use specifi cally at hospital discharge.
The objective of this study was to determine, using recent statewide Medicaid data, the proportion of pediatric asthma patients who receive controller medications or attend outpatient follow-up visits after an asthma admission. The fi rst year of data used in this analysis coincides with the release of the most recent NHLBI guidelines, so we also sought to determine if the delivery of preventive care has improved since the guideline release. We focused specifi cally on hospitalization for asthma as a sentinel event that should trigger controller medication initiation. We hypothesized that the rates of controller medication use and outpatient follow-up remain suboptimal. Our secondary objective was to determine what demographic factors predict the delivery of preventive care among hospitalized asthma patients. We hypothesized that younger patients and minority race/ethnicity patients would have lower rates of controller medication initiation and outpatient follow-up.
Methods

DATASET
We conducted a retrospective analysis using 2007 patients without a claim for an ICS or ICS/long-acting beta agonist (LABA) in the 2 months preceding the month of the asthma hospitalization. We believed this was important because it showed us how well physicians recognize hospitalizations as sentinel events for diagnosing persistent asthma and initiating or reinstating controller medication therapy in patients without recent controller medication use. In addition, for those who had multiple admissions in the dataset we analyzed their most recent visit.
The pharmacy claims fi le was refi ned to include only ICS and ICS/LABA agonist because the NHLBI guidelines consider these to be preferred for the treatment of persistent asthma. 15 In addition, ICS have been shown to be less expensive and more effective than montelukast for pediatric patients with mild to moderate persistent asthma. 26 We identifi ed specifi c drugs using Na tional Drug Codes as well as all possible permutations of each drug name (both generic and trade names). The pharmacy data were then merged with the patient-level asthma visit fi le using unique, encrypted identifi ers for each subject in the dataset.
Because of the constraints of the Health Insurance Portability and Accountability Act in the South Carolina Medicaid system, we did not have access to exact dates of visits and pharmacy claims. Instead we were provided with month/year for each claim as well as a sequencing number so that we could order claims within each month.
VARIABLES
Our primary outcome variable was a claim for any ICS or ICS/LABA in the hospitalization month or the month thereafter. Our secondary outcome variable was any outpatient visit with a primary diagnosis of asthma in either the month of or the month after the hospitalization. Only outpatient visits that occurred after the hospitalization were considered appropriate follow-up. This included visits with a primary care physician (PCP) or subspecialist. In addition we analyzed the two outcome variables in combination.
Demographic variables used in the analyses were age, race, gender, and county of residence. "Age" indicated the patient's age in years on entry into the cohort. We divided patients into three age categories: 2 to 6 years old, 7 to 12 years old, and 13 years and older. We believed this represented three distinct groups of patients: preschool/kindergarten, school-aged, and adolescents. Race and ethnicity are self-identifi ed at the time of application for Medicaid. In this dataset, race/ethnicity was defi ned as white, black, Hispanic, or other. In our fi nal analysis, we dichotomized race to nonminority (white) versus minority race or ethnicity (black, Hispanic, or other). County of residence was used to classify patients as rural or urban. We used the Metropolitan Statistical Area defi nition of urban for the analysis, and counties not qualifi ed as urban were labeled rural. 27 We included a severity marker based on short-acting beta agonist (SABA) pharmacy claims, a method that has been used in previously published studies. 28 Patients' conditions were labeled as severe if they had six or more pharmacy claims for SABAs in the calendar year of the hospitalization.
ANALYSIS
All statistical analyses were performed using SAS statistical software, version 9.2 (SAS Inc). All variables were categorized as previously described. We used chi-square tests to compare characteristics of patients who did and did not receive each of the outcome variables (controller medication, follow-up appointment, and controller medication + follow-up appointment). We did not adjust for multiple comparisons. We calculated the adjusted relationship among all variables for each of the outcome variables using logistic regression. We built logistic regression models for each of the outcome variables including all demographic variables and the severity marker.
The Institutional Review Board of the Medical University of South Carolina reviewed and approved this study.
Results
DEMOGRAPHICS
Overall, 34,389 patients with asthma were identifi ed in the dataset. Many patients were noted to have an extremely high number of visits in the study period. Because of concerns that these patients did not represent typical asthma patients, we excluded those in the 99 th percentile for total number of visits, thereby excluding 348 patients with more than 67 visits for asthma in 3 years. We then identifi ed 666 patients with at least one admission for asthma. After excluding those with an ICS or ICS/LABA claim in the 2 months before admission, 505 patients were included in the fi nal analysis cohort. The mean age of these patients was 7.6 years (median 7). Table 1 shows complete demographic data.
RECOMMENDED PREVENTIVE CARE
Fifty-one percent of patients received an ICS or an ICS/LABA in either the month of or the month after the hospitalization. In addition, 49% of patients had a follow-up appointment in either the month of or the month after the ® AN OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS hospitalization. Interestingly, there was only a partial overlap between those who received appropriate prescriptions and those who attended follow-up. When analyzed together, we found that 32% of patients hospitalized for an asthma exacerbation received both an ICS or an ICS/LABA and attended a follow-up appointment. To evaluate if there has been any change in the rates of controller medication fi lling since the release of the 2007 NHLBI guidelines, we calculated rates by year. In bivariate analysis using chi-square, we found no significant relationship between controller medication fi lling and year of admission. Rates by year (2007, 2008, 2009) were 54%, 57%, and 45%, respectively (P=.08).
BIVARIATE ANALYSIS (TABLE 2)
For controller medications, the analyses demonstrated that minority race/ ethnicity patients were less likely to have a pharmacy claim for an ICS or ICS/LABA in the 2 months following an asthma hospitalization than majority race/ethnicity patients. No other statistically signifi cant differences were found.
MULTIVARIABLE ANALYSIS (TABLE 3)
After controlling for all covariates, minority race/ethnicity patients were less likely than majority race/ethnicity patients to have a pharmacy claim for an ICS or ICS/LABA in the 2 months following an asthma hospitalization. Nonminority race/ethnicity patients had 70% greater odds of receiving a controller medication after hospitalization for asthma. No other statistically signifi cant predictors were found.
Discussion
The current analysis demonstrates that only 52% of children with asthma admitted for acute exacerbation receive preferred controller medications during the month of hospital admission or in the month thereafter. In addition we show that fewer than 50% of patients follow-up with an outpatient provider in the same period. Minority race/ethnicity patients are less likely to receive controller medications after asthma admission. Our fi nding of overall low rates of controller medication dispensing and outpatient follow-up suggest a need to improve the delivery of preventive care in the acute care setting among patients hospitalized for acute asthma exacerbations, with a focus on the minority race/ethnicity population.
Hospitalizations for asthma should be recognized as red fl ags for uncontrolled disease. Taking into account the low rates of controller medication initiation and outpatient follow-up in response to hospitalizations in this has shown the effi cacy of ICS controller therapy even for patients with mild intermittent asthma. It is possible that a hesitancy to diagnose persistent asthma in response to a hospitalization to preserve diagnostic specifi city has led to a loss of sensitivity, resulting in far too many asthma patients being underclassifi ed and consequently, undertreated.
Asthma patients admitted to the hospital represent a captive audience and provide inpatient providers with an important opportunity to contribute to the management of their chronic disease through the initiation of long-term controller medications. In addition, inpatient providers must take a proactive approach to facilitating outpatient follow-up appointments using techniques such as scheduling appointments for the patient before discharge, direct communication with the PCP regarding hospitalization and discharge medications, and stressing the importance of attending the follow-up appointment with the patient and family.
Our study demonstrates that minority race/ethnicity patients (including African Americans and Hispanics) were less likely to receive and/or fi ll a prescription for a controller medication after an asthma hospitalization among Medicaid enrollees in South Carolina. In 2002, Lieu et al 22 reported similar fi ndings. Their analysis of parentally reported data showed that among asthma patients enrolled in Medicaid in California, Washington, and Massachusetts, African American and Latino children were 30% less likely to use preventive asthma medications compared with white children. 22 Our study complements this fi nding by identifying greater racial disparities among hospital discharge practices, perhaps when asthma patients are at their most vulnerable, therefore identifying a specifi c place where we can aim to improve care. Our evidence of racial disparities in controller medication use suggests the need to address this issue in a culturally competent manner.
Because our dataset is limited to pharmacy claims data, we were unable to determine if the disparity in controller medication dispensing occurred because of differences in rates of prescribing or in rates of prescription fi lling. Differences could arise in rates of provider prescribing because of poorer access to outpatient care among minority populations. We believe this disparity is less likely to be the result of differences in access to care. Given that all patients in this study were covered under Medicaid, we found no rural/urban disparity in controller medication dispensing, and no difference in outpatient follow-up rates between minorities and nonminorities. 
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On the contrary, the disparity in dispensing could be the result of differences in rates of prescription fi lling. Perhaps prescriptions were written at similar rates but minority race/ethnicity patients were less likely to fi ll their prescriptions. This theory is supported by a prior study that identifi ed both prescriptions written for and prescriptions fi lled by a cohort of pediatric asthma patients. 30 They found that between Medicaid patients and non-Medicaid patients in a single Health Maintenance Organization, the rates of controller medication prescribing were equal, but rates of controller medication dispensing among the Medicaid population were statistically signifi cantly lower. 30 In this prior study, 70% of Medicaid patients were nonwhite, while only 35% of non-Medicaid patients were nonwhite. 30 This fi nding lends credence to our theory that prescriptions were written at similar rates for both minority and nonminority race/ethnicity patients but that minority patients were less likely to fi ll their prescriptions.
This begs the question, why would minority patients be less likely to fi ll prescriptions than nonminority patients? It cannot be simply because of poor compliance, because we found equal rates of outpatient follow-up between the two groups. Prior studies have suggested that African Americans have concerns about the safety of long-term controller medications as well as doubts about their usefulness. 10, 31 This suggests that the possible lower rate of prescription fi lling among minorities could be related to differences in health beliefs. This highlights the importance of delivering culturally competent care to overcome these barriers and ideally improve the rate of controller medication use among minority asthma patients. This study has several limitations. We analyzed a retrospective cohort of patients using administrative claims data. ICD-9 codes are inherently inaccurate for the identifi cation of subjects; however, we believe that our sample size is large enough to help minimize the effect of potential inaccuracies in coding. We analyzed Medicaid data from one state so our fi nding may not be generalizable to other geographic locations. However, we believe that our large sample size and the diversity in our state help to curtail this issue. Given the nature of the data, we are unable to determine if the prescriptions for controller medications were written by hospitalists or PCPs. Also, the pharmacy claims data contain only prescriptions that were fi lled; therefore, we are unable to determine to what extent the low rate of controller medication use is the result of low rates of prescribing, patients not fi lling prescriptions, or a combination of these two factors. Given previously published data that suggest suboptimal prescribing of controller medications by hospitalists, it is reasonable to assume that a proportion of the underutilization of controller medications in this cohort is the result of underprescribing. 9 Pediatric hospital care providers are poised to contribute to the improved delivery of preventive care to hospitalized asthma patients. In accordance with the GINA guidelines, we suggest uniform and more aggressive prescribing of controller medications at hospital discharge and, perhaps in the future, dispensing controller medications before discharge to eliminate barriers related to prescription fi lling. In addition, a focus on addressing health beliefs pertinent to chronic asthma care in a culturally competent manner will be vital to address the racial/ethnic disparities in preventive care delivery for hospitalized asthma patients.
